In order to determine whether oxalate from grasses affects feed intake, blood calcium (Ca) and other blood parameters of adult sheep, two feeding trials were conducted. In Trial 1, one group of sheep received guineagrass (0.47% soluble oxalate) and another group received setaria (1.34% soluble oxalate) for 28 d. In Trial 2, one group of sheep received guineagrass while another group received the same grass treated with an oxalic acid solution (at a rate of 30 g oxalic acid/kg dry matter of hay) for 72 d. All sheep received concentrate mixtures (0.5% of body weight) throughout the experiment. In both trials, it was observed that plasma Ca concentration (11.0-11.7 mg/dl) was significantly (p<0.05) lower in sheep fed high oxalate-containing grasses than in sheep fed low oxalate-containing grasses (12.4-13.7 mg/dl). No differences (p>0.05) were observed in concentrations of magnesium, phosphorus and parathyroid hormone in plasma between the feeding of low and high oxalate-containing grasses. In addition, no differences (p>0.05) were observed in roughage dry mater (DM) intake, total DM intake or body weight of sheep. This study suggests that sheep may consume oxalate-rich forage, but Ca bioavailability may decrease with increasing oxalate levels in the ration.
INTRODUCTION
Oxalate is found at high concentrations in many forage plants, including buffelgrass (Cenchrus ciliaris), pangolagrass (Digitaria decumbens), setaria (Setaria sphacelata), napiergrass (Pennisetum purpureum) and kikuyugrass (Pennisetum clandestinum). For example, setaria, which is commonly consumed by ruminants, contains up to 5.6% soluble oxalate (Jones and Ford, 1972 ). Napiergrass represents a major feed source for ruminants in tropical and subtropical areas that also contains up to 3.8% soluble oxalate (Rahman et al., 2006; Rahman et al., 2010) . Oxalate, consumed in sufficient quantity, can bind with calcium (Ca) in the intestines and the blood to form insoluble Ca oxalate, which may lead to low serum Ca levels and renal failure (James, 1972) . In the literature, most studies on ruminants have been conducted by artificially administering oxalic acid with the ground ration or in a capsule form Kyriazakis et al., 1998; Burritt and Provenza, 2000; Duncan et al., 2000) that can readily taken by animals within a short period. However, very little attention has been focused on direct feeding of oxalate-rich or oxalate-treated forage grasses to ruminants. The objective of this study was to investigate feed intake and some blood parameters of sheep in response to feeding on grass hay that contained different concentrations of oxalate.
MATERIALS AND METHODS

Animals and diets
Approval for care and use of animal used in this study was obtained from the Animal Care and Use Committee of the University of Miyazaki. Guineagrass (Panicum maximum cv. Natsukaze) and setaria (var. Splenda) were harvested at the early flowering stage for making hay. Hay was chopped (into roughly 2-3 cm segments) so that selection of particular plant parts by the animals during feeding was minimized. Five Suffolk and four crossbred (Corriedale×Suffolk) adult sheep were used in this experiment, and two trials were conducted. Prior to beginning the treatment in each trial, all sheep were fed chopped guineagrass for approximately 14 d. In Trial 1, sheep in Group 1 (2 female Suffolk and 1 female crossbred) received guineagrass, and sheep in Group 2 (3 female Suffolk and 1 castrated crossbred) received setaria for 28 d. In Trial 2, sheep in Group 1 (2 female Suffolk, 1 female crossbred and 1 castrated crossbred) received guineagrass, and sheep in Group 2 (1 female Suffolk and 2 female crossbred) received the same grass treated with oxalic acid solution (at a rate of 30 g oxalic acid/kg dry matter of hay) for 72 d.
Five sheep (3 female Suffolk, 1 female crossbred and 1 castrated crossbred) were used in both trials. In Trial 2, two female Soffolk sheep used in the Trial 1 were not used and replaced by another two female crossbred sheep. For making treated hay, oxalic acid (reagent grade, Nacalai Tesque Inc., Kyoto, Japan) was diluted with water (1:10 w/v) and sprayed over chopped hay, followed by proper mixing. The treated hay was then sun-dried. Each sheep was housed in an individual pen with free access to water. Sheep were fed a ration composed of hay (ad libitum) and concentrate mixtures (0.5% of body weight), offered in the morning and evening. The ingredients and chemical composition of concentrate mixtures are presented in Table 1 .
Sampling
Body weight (BW) was recorded prior to the beginning of the experiment and at 2-week intervals. Daily records were kept on feed consumption. Representative samples of offered hay and orts were taken weekly for chemical analysis and dry matter (DM) determination. Blood samples (10 mL) were taken at approximate 7-d intervals from the jugular vein using heparinized collection tubes at 9:00 am (before feeding) and centrifuged at 3,000 rpm for 15 min 1 h of collection. Collected plasma was stored at -20°C until assayed.
Chemical analysis
Concentrations of Ca and magnesium (Mg) in feed were determined (absorbance at 422.86 and 285.13 nm for Ca and Mg, respectively) by flame atomic absorption spectrophotometer, and phosphorus (P) was determined (absorbance at 410 nm) using the molybdenum blue method by ultraviolet-visible spectrophotometer (UV Mini 1240, Shimadzu, Japan) after wet digestion with nitric acid and hydrogen peroxide (Laboratory of Agricultural Chemistry, the University of Tokyo, 1978) . Oxalate was measured following the method of Rahman et al. (2007) .
Plasma samples were diluted 1:1 with an aqueous solution of 5% lanthanum chloride, then diluted 50-fold with water. Subsequently, concentrations of Ca and Mg in plasma were determined by flame atomic absorption spectrophotometer, following the method of Thomas and Skujins (1999) . For P determination, plasma samples were deproteinized with acetic acid (0.05 M), following the method of Hunter (1957) . The deproteinized samples were prepared using the molybdenum blue method, and color intensity was measured by ultraviolet-visible spectrophotometer.
Parathyroid hormone (PTH) concentration in plasma samples was determined enzymatically using the hPTH-EASIA Kit (GenWay Biotech Inc., San Diego, CA).
Differences between the two ration treatments in each trial were tested by Student's t-test (Steel and Torrie, 1984) using a repeated measure (weekly) to investigate the feed intake and the concentrations of some minerals and PTH in blood of sheep in these trials.
RESULTS
Mineral and oxalate concentrations of grass hay
The mean values of mineral element and oxalate concentrations of grass hay in this study are shown in Table 2 . The oxalate concentration of setaria (1.34%) was much higher than the guineagrass (0.47%). The Ca concentration of setaria (0.50%) was slightly higher than in the guineagrass (0.43%). The Mg (0.40%) and P (0.21%) concentrations of setaria were similar to the Mg (0.44%) and P (0.22%) concentrations of guineagrass. The ratios of Ca and P in both grasses were almost 2:1, which is considered an ideal ratio for their relative concentrations in the diet, as reported by Whitehead (2000) .
Trial 1
The feeding effects of different concentrations of oxalate-containing grasses on BW and intake of rations are shown in Table 3 Table 4 shows the mineral and PTH concentrations in plasma of sheep fed guineagrass or setaria. The weekly plasma Ca concentrations of sheep were shown in Figure 1 . Sheep fed setaria had lower (p<0.05) Ca concentrations (11.7 mg/dl) than sheep fed guineagrass (13.7 mg/dl), even though the setaria contained more Ca than the guineagrass. There was no difference (p>0.05) in Mg concentration in the plasma of sheep between the feeding of guineagrass (1.1 mg/dl) or setaria (1.2 mg/dl). Similarly, there was no difference (p>0.05) in P concentration in the plasma of sheep between the feeding of guineagrass (5.1 mg/dl) or setaria (5.7 mg/dl). The PTH concentration in the plasma of sheep fed guineagrass (28.7 pg/dl) was similar (p>0.05) to the PTH concentration of sheep fed setaria (29.3 pg/dl). 
Trial 2
The feeding effects of untreated and treated guineagrass on BW and intake of rations are shown in Table 5 . Feeding guineagrass treated with or without oxalic acid had no effect (p>0.05) on BW during the 72 d experimental period, which indicated that the experiment was carried out under normal conditions of animal health. There was no difference (p>0.05) in roughage DM intake (687 compared with 593 g/d), roughage DM intake per metabolic weight (244 compared with 209 g/kg W 0.75 ), total DM intake (990 compared with 911 g/d) or total DM intake per metabolic weight (353 compared with 322 g/kg W 0.75 ) between the feeding of untreated or treated guineagrass, respectively. Table 6 shows the mineral and PTH concentrations in the plasma of sheep fed either untreated or treated guineagrass. The weekly plasma Ca concentrations of sheep were shown in Figure 2 . Sheep fed untreated guineagrass had higher (p<0.05) Ca concentrations (12.4 mg/dl) than sheep fed treated guineagrass (11.0 mg/dl). There was no difference (p>0.05) in Mg concentration in the plasma of sheep between the feeding of untreated (1.1 mg/dl) or treated (1.1 mg/dl) guineagrass. Similarly, there was no difference (p>0.05) in P concentration in the plasma of sheep between the feeding of untreated (5.9 mg/dl) or 
DISCUSSION
Some reports indicate that animals eat less food if it contains toxin (Burritt and Provenza, 2000) , perhaps because of low palatability. Sheep in this study were offered either grasses with low concentrations of oxalate (guineagrass) or high concentrations of oxalate (setaria or treated guineagrass). Although feed intake appeared to decrease as the amount of oxalate in the ration increased (Trial 2), the difference was not statistically significant (p<0.05). This result supports the findings of Wang and Provenza (1997) who reported that the presence of a toxin does not necessarily prevent ruminants from eating a food, especially if the food contains needed nutrients. In this study, the oxalate concentration of setaria was much less than the concentration reported by Jones and Ford (1972) . This could have been due to the presence of some proportion of weeds in the field (data not shown), resulting in a lower oxalate concentration in setaria (Table 2) .
Oxalic acid binds with Ca to form Ca oxalate, a nonsoluble, non-digestible compound (Blaney et al., 1982) . A mild degree of hypocalcaemia in sheep was observed at a dose of 0.12 g oxalic acid/kg BW/d (Kyriazakis et al., 1997) , or at a dose of 0.24 g oxalic acid/kg BW/d (Kyriazakis et al., 1998) . James and Butcher (1972) also reported that blood Ca decreased as the level of oxalate in the diet increased. The present study showed that sheep fed high oxalatecontaining grass (0.13 and 0.34 g soluble oxalate/kg BW/d for Trial 1 and Trial 2, respectively) had lower plasma Ca concentration than sheep fed low oxalate-containing grass (0.04 and 0.05 g soluble oxalate/kg BW/d for Trial 1 and Trial 2, respectively). There was not a statistically (p>0.05) significant difference in plasma Ca concentration between the groups when both the trials were initiated. This suggests that Ca bioavailability may decrease with increasing concentrations of oxalate in the ration. No toxicological symptoms were observed in the sheep, probably because plasma Ca concentrations of all sheep in all treatments (11.0-13.7 mg/dl) were in the normal range of Ca (9.0-12.0 mg/dl) as described by Kincaid (1993) . This normal range of blood Ca may be the result of the concentrate supplement.
No changes in blood Mg concentration occurred due to feeding of oxalate-containing grasses, which is in agreement with the observations of James and Butcher (1972) . James and Butcher (1972) also observed that no changes occurred in blood P concentration between the feeding of 0% or 4% oxalate-containing rations, but P concentration increased with further increase (5-6%) in oxalate concentration in the ration. In the present study, grass hay contained up to 3.5% soluble oxalate, and no difference was observed in blood P concentration between the feeding of each type of ration in each trial.
Parathyroid hormone is secreted in response to low blood Ca concentrations, causing bone to release Ca into the blood stream. Low levels of the hormone are secreted even when blood Ca concentrations are high, but there is a steep increase in secretion of PTH when Ca concentrations fall below the normal range (Martin et al., 1996) . In the present study, PTH concentrations in blood were not affected by feeding of oxalate-containing grasses in accordance with the normal range of plasma Ca concentrations observed in this study and described above.
If ruminants are gradually introduced to a high oxalatecontaining ration over an approximately 3-4 day period, rumen microbes increase sufficiently to prevent oxalate poisoning (Allison et al., 1977) . However, James et al. (1967) suggested that when sheep consume excessive amounts of an oxalate-containing plant, there is a depression of oxalate degradation in the rumen. James et al. (1967) observed that higher levels of oxalate (above 120 mg/100 mL rumen fluid) had a depressing effect on the efficiency of oxalate degradation. In this study, sheep were adapted to the guineagrass (0.47% soluble oxalate) for 2 weeks before starting the both experiments. Even though all sheep were adapted to the guineagrass, sheep fed high oxalate-containing grasses showed lower blood Ca concentrations than sheep fed low oxalate-containing grasses. However, sheep fed the high oxalate-containing grass for 72 d had nearly the same plasma Ca concentrations as the sheep fed the same grass for 28 d, suggesting that oxalate may be diluted across days due to increased ruminal metabolism (even after a period of adaptation). Further study is needed to determine how much oxalate could be included in feeds without reducing the availability of Ca.
In conclusion, feeding of high oxalate-containing grasses resulted in decreases in plasma Ca concentration. However, feed intake and concentrations of Mg, P and PTH in plasma of sheep were not affected by the feeding of low and high oxalate-containing grasses. This study suggests that sheep may consume oxalate-containing forage and may not show symptoms of toxicity even after feeding on high oxalate-containing forage, but Ca bioavailability may decrease with increasing oxalate levels in the ration.
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